Introduction. Game On: Know Alcohol, a school-based alcohol education program, aimed to educate adolescents on the harmful effects of (excessive) alcohol consumption. The program included two user-centered serious educational games, Perfect Pour and Dumb Driver. Purpose. To evaluate the objective effect of playing Perfect Pour and Dumb Driver on the key psychosocial determinants of adolescent binge drinking intentions in the context of the theory of reasoned action (TRA). Methods. Data were drawn from four Game On: Know Alcohol program schools (N = 303 adolescents aged 14-16 years), and two TRA models incorporating four game metrics were analyzed using structural equation modeling. Results. The theoretically guided TRA models linked to gameplay data explained 66% of variance in adolescents' binge drinking intentions. Average game duration and average score of Perfect Pour were significantly associated with adolescents' attitudes toward binge drinking, whereas no objective effect on the key psychosocial determinants was observed for Dumb Driver. Conclusions. Inconclusive findings suggest that further research is needed to fully understand how serious educational games may be designed to effectively influence adolescents' binge drinking intentions. Opportunities to extend theory application beyond evaluation are noted in addition to other opportunities for future research.
Theoretical Examinations on Drinking
The developmental years of adolescence are a critical time for the onset of alcohol and illicit drug use, and they are associated with increased risk-taking behaviors (Lisdahl, Gilbart, Wright, & Shollenbarger, 2013) . Alcohol intoxication during this developmental period affects physical and psychosocial development (Lisdahl et al., 2013) . Early initiation of alcohol use has been linked to later binge drinking and a greater likelihood of future alcohol dependence and other alcohol-related problems (Foxcroft & Tsertsvadze, 2012) . Therefore, early intervention programs targeting adolescents' intentions toward alcohol use play a critical role in reducing alcohol-related harm among adolescents (Foxcroft & Tsertsvadze, 2012) .
Alcohol misuse and other drug use/abuse school-based prevention programs (e.g., see Foxcroft & Tsertsvadze, 2012; Teesson, Newton, & Barrett, 2012) show modest short-and medium-term effects (Dietrich, Rundle-Thiele, Schuster, & Connor, 2016 , Teesson et al., 2012 . Long-term (>1 year) effects are rarely observed (Foxcroft & Tsertsvadze, 2012) .
Ineffectiveness has been attributed to implementation issues, a focus on abstinence-based outcomes and insufficient dose (frequency, duration, and amount), and/or a lack of booster sessions to reinforce messages (Botvin & Griffin, 2007; Ennett et al., 2003; Teesson et al., 2012; Tobler et al., 2000) . Many obstacles impede delivery of alcohol education in school settings including limited resources in terms of teachers, money, and time allocated to delivery, as well as the fact that programs are often adapted to the school/class environment and in so doing fail to retain effective elements (Champion, Newton, Barrett, & Teesson, 2013) . Delivery of online resources offers a means to deliver programs costeffectively and maintain fidelity. Ennett et al.'s (2003) meta-analysis found that most (62.25%) providers of school-based substance use prevention programs teach effective content, but few (17.44%) use effective delivery, and even fewer use both effective content and delivery (14.23%). Based on a combination of content and delivery method, programs may be classified as interactive or noninteractive (Tobler et al., 2000) . Noninteractive lecture-oriented (didactic, teacher-centered approach) prevention programs that emphasize knowledge or affective development show small effects (Tobler et al., 2000) . An example of a noninteractive lecture-oriented program is the United States' Drug Abuse Resistance Education (D.A.R.E.) program. Developed in 1983, D.A.R.E. aims to help elementary and junior high school students resist peer-pressure surrounding illicit drugs, tobacco, and alcohol experimentation (West & O'Neal, 2004) . The core curriculum has 17 weekly lessons and is usually delivered by a police officer (Pan & Bai, 2009) . As a result, program implementation is resource intensive and expensive. In terms of federal expenditures, an average of three quarters of a billion dollars a year is spent on its provision (West & O'Neal, 2004) . Despite continued investment and widespread implementation, the literature on the program's effectiveness is mixed. Pan and Bai's (2009) meta-analytic review of 20 studies found that the effects of the program on drug use were homogeneous but negligible, confirming previous findings (Ennett, Tobler, Ringwalt, & Flewelling, 1994; West & O'Neal, 2004) . Effects on psychosocial behavior were less than small but heterogeneous (Pan & Bai, 2009) .
In contrast, the most effective programs are delivered interactively and teach young people the skills to help them refuse (drink/drug) offers, resist social pressures, correct normative misperceptions, and enhance social and personal competence skills (Botvin & Griffin, 2007) . Such programs demonstrate significantly greater effects (Tobler et al., 2000) . A key challenge, however, is identifying mechanisms for the wide dissemination of evidence-based prevention programs and ways to train providers to be able to implement developed programs effectively and thoroughly (Botvin & Griffin, 2007) . Computer-and Internet-based prevention programs have the potential to overcome many of these challenges.
Advantages of computer-and Internet-based prevention programs include (1) being less restrictive, more accessible, with delivery not reliant on a professional being present, thereby offering increased feasibility in settings where professional and teaching time is limited; (2) once a program is developed, there is a reduction in implementation costs, ease of updating materials, and increased potential to engage large numbers of individuals; (3) they can ensure a high degree of implementation fidelity as consistent and complete delivery of materials is guaranteed; (4) programs delivered online can enhance perceptions of privacy and anonymity and in doing so have the potential to increase self-disclosure and reduce stigmatization (Champion et al., 2013) .
Serious educational games (SEGs) aim to entertain and provide a fun experience, while simultaneously educating, training, and changing the behavior of players by targeting antecedents of behavior (Thompson, 2012) . SEGs offer a user-centered platform for changing behavior by embedding functional knowledge and change procedures such as goal setting, modeling, and skill development activities into a personally meaningful, entertaining, and immersive environment (Thompson, 2012) . SEGs have shown potential for positively changing health-related behaviors. DeSmet et al.'s (2014) meta-analysis showed that SEGs can have small significant positive effects on healthy lifestyle behaviors and their determinants, demonstrating clinically significant outcomes. The meta-analytic review suggests that SEGs can be effective as either stand-alone games or as part of multicomponent programs and that they benefit from a strong theoretical foundation. The authors conclude, however, that the effects of SEGs remain heterogeneous and call for further explorations of which game characteristics generate larger effects. Of the 52 SEGs assessed in this review, none targeted (alcohol) drinking behavior. Conversely, Rodriguez, Teesson, and Newton's (2014) systematic review specifically examined SEGs in the prevention of alcohol and drug use. The review identified eight SEGs, with two specifically targeting alcohol, highlighting the limited evidence base for the impact of SEGs on behavior and behavioral determinants in this context. Moreover, the majority of past studies have used self-report measures or qualitative data to examine gameplay outcomes, rather than objective measures such as number of plays, game duration, and score (Boyle et al., 2016; Crutzen et al., 2011; Rodriguez et al., 2014) . Objective measures supersede the validity and reliability of subjective measures, which often correlate highly with the variables they are designed to capture, but systematically suffer from many forms of biases related to order, scale and halo effects, and psychological factors (Jahedi & Méndez, 2014) .
The current study addresses the aforementioned gaps in the literature via an empirical examination of the following research question:
What is the objective effect of playing two user-centered serious educational games on the key psychosocial determinants of adolescents' binge drinking intentions?
To answer the stated research question, Fishbein & Ajzen's (1975) theory of reasoned action (TRA)-a model of human behavior, which proposes that intention is the most proximal antecedent to behavioral performance (Fishbein & Ajzen, 2011) -was selected to guide analysis. The model identifies two psychosocial antecedents of behavioral intention: attitudes and subjective norms (Fishbein & Ajzen, 2011) . In the context of binge drinking, intentions refer to an individual's perceived probability of engaging in binge drinking (e.g., extremely unlikely/extremely likely) (Norman & Connor, 2006) ; attitudes are the individual's positive or negative evaluation of engaging in binge drinking (e.g., enjoyable/unenjoyable, harmful/beneficial) (Norman & Connor, 2006; Rivis & Sheeran, 2013) ; and subjective norms are the individual's perceptions of social pressure to binge drink (e.g., most people who are important to me think that I should/should not binge drink) (Norman & Connor, 2006) .
The TRA and its extension model (theory of planned behavior; Ajzen, 1991) are one of the most widely used psychosocial theories that have been applied to understand the antecedents of intentions and behavior (Michaelidou & Hassan, 2014) . Meta-analytic reviews support the theory's effectiveness in a wide variety of contexts (Armitage & Connor, 2001; Cooke, Dahdah, Norman, & French, 2016; McEachen, Conner, Taylor, & Lawton, 2011) . Previous research reports theoretical foundation to be a significant moderator of observed effects of SEGs on healthy lifestyle behaviors (DeSmet et al., 2014) . There is limited research, however, testing the utility of theory, and, in this case, TRA, in predicting the effect of SEG play on adolescent binge drinking intentions. As the TRA has been shown to be a reliable and consistent model for the prediction of drinking intentions (Cooke et al., 2016) , it was the chosen theoretical framework for this evaluation. Testing the TRA model is consistent with recommended theory-testing practices (Noar & Zimmerman, 2005) and represents an important contribution to understanding the effects of SEG play on adolescent binge drinking intentions.
Hypothesized Relationships and Proposed Models
As the evaluation of the Game On: Know Alcohol (GO: KA) program was conducted on the same day as implementation, intentions had to be used as a proxy for behavior given that behavioral change would not be observable in the evaluation time frame. Using intentions as a proxy for behavior is theoretically supported (Ajzen, 2011) . While an intention-behavior gap is acknowledged (Ajzen, 2011; Sniehotta, Presseau, & Araujo-Soares, 2014; Michaelidou & Hassan, 2014) , a large body of evidence supports the capacity of intentions to predict behavior, particularly in the alcohol context (e.g., see Cooke et al., 2016; McEachen et al., 2011; Webb & Sheeran, 2006) . Furthermore, several reviews find attitudes and subjective norms to be relatively strong and consistent predictors of intentions (Ajzen, 2014) . Accordingly, Hypotheses 1 and 2 test the relationships between attitudes, subjective norms, and intentions in this context (refer to Figure 1) .
The TRA was used in the GO: KA program to assess outcomes. The model was not explicitly used to design the SEGs. To assess the objective effect of playing two user-centered SEGs on the key psychosocial determinants of adolescents' binge drinking intentions, four key gameplay metrics were used. Gameplay metrics are instrumentation data derived from game engines and form objective data on the player-game interaction (Drachen & Canossa, 2009) . In contrast to usability and playability testing, which focus on ease of operation and level of playing experience, gameplay metrics analysis offers insights into how the users are actually playing the game; this makes this type of data uniquely suited to form the basis for gameplay evaluations (Drachen & Canossa, 2009) .
The four gameplay metrics used in the current study were selected based on the concepts of exposure and reward: average game duration and total number of plays (exposure), last score and average score (rewards). Exposure refers to the length and duration of gameplay and has been shown to influence psychosocial determinants (Gentile, Groves, & Gentile, 2014; Greitemeyer & Mügge, 2014) . The longer players are exposed to a game (via length and duration), the stronger the relationship between gameplay and psychosocial outcomes (Gentile et al., 2014; Greitemeyer & Mügge, 2014) . Reward systems are often embedded in digital games and are based on the concept of success and failure (Domínguez et al., 2013) . Digital games often provide a complex system of rules along with a series of tasks that guide players through a process to master those rules (Gee, 2004) . These tasks are designed as cycles of expertise (Gee, 2004) . A cycle consists of a series of short-term tasks that players repeatedly attempt in a try-andfail process until the necessary skill level is acquired (Domínguez et al., 2013) . In recognition of players' success in the game, players are often awarded points (scores), trophies (digital badges), or similar items on task completion. Therefore, SEGs aiming to change behavior must correctly balance cycles of expertise that provide players with challenging yet realistic tasks that are rewarded on completion while also optimizing player's game exposure, delivering fun and interactivity (Thompson et al., 2010) .
Gameplay has been shown to influence both the affective and the cognitive properties of attitudes via cycles of expertise and reward systems (Domínguez et al., 2013; Gentile et al., 2014; Rodriguez et al., 2014) . When players complete required tasks in a game, positive emotions are elicited due to the sense of accomplishment accompanied by overcoming difficulties (Domínguez et al., 2013) . Previous research on SEGs aimed at educating students on the effects of alcohol misuse, methamphetamine, and inhalants found students to report more negative attitudes toward the drugs postgameplay (Cheng & Annetta, 2012; Klisch, Miller, Beier, & Wang, 2012; Klisch, Miller, Wang, & Epstein, 2012) . This study assessed two games, Perfect Pour and Dumb Driver, from a school-based alcohol prevention program (GO: KA), which aimed to educate students on alcohol misuse and effects. As both games have embedded cycles of expertise and reward systems that influence player's attitudes (cognitive and affective), we hypothesize average game duration, total number of plays, last score, and average score of Perfect Pour and Dumb Driver to be associated with adolescents' attitudes toward binge drinking (Hypotheses 3, 5, 7, and 9).
As both games aimed to educate students on the harms of excessive drinking including the social consequences (e.g., arrival of the police or overpouring) and encouraged competitive play, it was hypothesized that gameplay would be associated with subjective norms (Hypotheses 4, 6, 8, and 10). Previous research finds normative education to be associated with increased perception of alcohol-related harms (Buller et al., 2008; Marsch, Bickel, & Grabinski, 2007; Schinke, Schwinn, & Ozanian, 2005) .
Method

Procedure and Participants
The current study originates from a cluster randomized controlled trial involving a 1-day school-based alcohol prevention program, GO: KA (see Dietrich, 2013 and Rundle-Thiele et al., 2015 for further description). The GO: KA program included a series of online and off-line knowledge-and game-based modules. The present study examined the objective effect of two online SEGs included in the GO: KA program, Perfect Pour and Dumb Driver, on the key psychosocial determinants of adolescent binge drinking intentions using two TRA extension models (see Figure 1) .
Dumb Driver was designed to educate participants on the physiological effects of varying levels of blood alcohol concentration on driving ability (loss of gross motor control) via an experiential simulation, and Perfect Pour was designed to educate participants on the standard drink content of six types of alcoholic drinks through a multilevel test of pouring accuracy (see Table 1 for a full description of the SEGs).
Four out of the 14 GO: KA program schools were selected using purposive sampling for the current study. A total of 533 students (12-17 years; 50.8% male) were included in the study. Access to the program was provided to each student individually via an automatically generated four digit code (unique identifier) to ensure anonymity while permitting data sources to be matched (game analytics and online surveys). Ethical clearance was obtained through the research team's institutions and the governing education body prior to study commencement (ethical clearance no. GU 2010/508).
Data Collection
A pretest-posttest survey design was employed. Prior to program commencement, baseline measures of the key psychosocial determinants (intentions, attitudes, and subjective norms) of binge drinking behavior were collected along with the respondent's sociodemographic characteristics and previous drinking experience (items: Have you had a full alcoholic drink before? At which age did you have a full alcoholic drink for the first time? How often do you have a drink containing alcohol?). Students then participated in the GO: KA program. Students were able to play Perfect Pour and Dumb Driver as many times as they liked throughout the duration of the 1-day program. Game analytics were collected for every instance of gameplay in real-time. On average, students played Perfect Pour 11 times and Dumb Driver 10 times. Immediately following participation in the program, postevaluation was conducted to obtain final measures of the key psychosocial determinants via an online survey. Baseline and postintervention survey measures were collected on the same day.
Measures
TRA Constructs. The pre and postsurveys consisted of 39 items, employing 6-and 7-point scales (unipolar, bipolar, and semantic differential), measuring the key psychosocial determinants of binge drinking behavior including intentions, attitudes, and subjective norms. All scales were consistent with Fishbein & Ajzen's (2010) recommendations and were adapted from previous research conducted in an alcohol context. The scales measuring intentions (three items), attitudes (five items), and subjective norms (six items) were adapted from Norman and Connor (2006) and Rivis and Sheeran (2013) . Table 5 reports the specific items of each measurement scale, including the format of the scale used, appropriate response options, and reliability.
Gameplay Metrics. Game metrics were calculated from game analytics (refer to Table 2) generated by participants with full and complete survey and games data. Average game duration was measured in seconds, total number of plays was measured in total number of completed plays, and last score and average score were measured as meters reached in Dumb Driver (before police arrival) and percent pouring accuracy (out of 100) in Perfect Pour. Game analytics were collected in real-time whenever a student played Perfect Pour or Dumb Driver through key strokes. Analytics were collated in Excel and recorded along with the student's school code, user ID, and session ID to permit data matching.
Data Analysis
Descriptive statistics were derived using SPSS 21. A total of 533 students were in attendance during program delivery, with 495 presurveys collected (initial response rate of 92.87%). The attrition rate from the pre to post follow-up was 21.41%, with 106 respondents failing to complete the postsurvey. Thus, pre and post data were available for 389 students. Cases with a significant percentage (missing rate >10%) of item nonresponse were removed prior to structural equation modeling (SEM; n = 22). Statistical analysis is likely to be biased when more than 10% of data are missing (Bennett, 2001) . Moreover, AMOS does not process models with missing data. Next, students who completed the pre and postsurveys but did not play both SEGs were identified as missing data (n = 64). The primary aim of this study was to examine the objective effect of playing both Perfect Pour and Dumb Driver; therefore, students who did not play both games were excluded from the SEM analysis. Consequently, a total of 303 cases were included in the analysis. The final sample size of 303 reflects the voluntary nature of the interventions as well as limitations of the data matching system employed in this Communicate the consequences of drinking and driving, that is, higher BAC levels due to alcohol consumption inhibits driving (gross motor) ability, and a resultant loss of control leads to poor performance (low score/end of game).
Provide the knowledge and skills to assist in moderating drinking behavior.
Level design As players progress through the game, they enter pit stops where a wheel of different drinks (premixed, beer, soft drink, cocktail, shot of tequila, red wine, water, and whiskey) is spun, randomly allocating them a drink, which will either increase their BAC or leave it unchanged. Players must use the left and right keys to steer their car and avoid hitting obstacles on the road. As the player's BAC level increases, the visuals become blurred, and it is progressively more difficult for the player to control his or her car; consequently, obstacles are increasingly hit, eventually resulting in the arrival of the police (feedback indicating loss of control), at which point the game ends. study, which involved a unique identifying code. If students did not correctly enter their unique identifier in all four data capture moments, our research team was unable to match data and, as such, the respondent was lost to this study. Gameplay was also affected by technical issues including gameplay data not being collected in some GO: KA trial schools, laptops running out of power, and difficulties accessing Wi-Fi for an entire student cohort preventing some students from being able to play the SEGs. Means, standard deviations, skewness, and kurtosis indices were examined for the variables. Following reliability and validity testing, all subsequent analyses were conducted using SEM in AMOS 23. General guidelines for determining adequate sample size for testing structural equation models consider a sample size of 100 to 200 to have adequate power (Kline, 2011) . Thus, our sample size of 303 was determined to have sufficient power to test the models. The fit of the two TRA models specified and tested in AMOS were evaluated through examination of several fit indices: normed chisquare (CMIN/DF), where values close to one represent good fit; root mean square error of approximation (RMSEA), where a value ⩽0.05 indicates good fit; and goodness-of-fit (GFI), adjusted goodness-of-fit index (AGFI), the comparative fit index (CFI), and the Tucker-Lewis index (TLI), where values >0.95 indicate good fit (Browne & Cudeck, 1993; Byrne, 2013; Hu & Bentler, 1999; Mueller & Hancock, 2008) .
Results
Sample Characteristics and Descriptive Statistics
The mean age of participants was 14.7 years (54.2% female); 45.4% had consumed a full serve of alcohol in the time preceding the survey, with 74.1% reporting that they had their first full serve of alcohol before turning 15 years old (M = 14.69 years). This mean is slightly lower than the national average of 15.7 years (Australian Institute of Health and Welfare, 2014). Conversely, more than half reported themselves as nondrinkers (64.6%), which is consistent with national statistics, which report 66.8% of 12-17 year olds as nondrinkers (Australian Institute of Health and Welfare, 2014). Therefore, despite nearly half having tried alcohol, only 9.8% reported drinking frequently (>monthly). The accuracy score obtained for each level (all six alcohol drinks) was recorded.
Game 1: [80.7, 92.35, 90.3, 33.5, 100, 63.9] Game 2: [80.55, 92.35, 90.65, 86.4, 95.35, 96 .9] Game 3: [95.45, 90.85, 100, 87.5, 92.35, 96 .9] Over under (correct pour = 0, underpour = −1, overpour = 1)
The players over and underscores based on accuracy were recorded. Pretest measures revealed that participants held high negative intentions to binge drink, negative attitudes toward binge drinking, and favorable perceptions of subjective norms (see Table 3 ). Descriptive analyses of change from pre to postprogram delivery revealed little change in participant's intentions; however, a considerable proportion of participants reported more negative attitudes toward binge drinking and more desirable subjective norms (see Table 4 ).
Scale Reliability and Validity
Scales measuring intentions, attitudes, and subjective norms had strong correlations with the sum (item-total correlations >.30) and Cronbach's α >.70 (Hair, Black, Babin, & Anderson, 2010) , see Table 5 .
Convergent validity was evaluated using standardized regression weights; loadings that were significant and greater than 0.5 (ideally >.70) were considered valid. These findings were then confirmed by examining the average variances extracted (>.50) (Fornell & Larcker, 1981) . Discriminant validity was assumed if average variance extracted estimates were greater than the squared correlation estimates (Fornell & Larcker, 1981) , refer to Table 6 . The final measurement model produced three multi-item constructs with 14 items, with model fit statistics indicating structural validity: χ 
Perfect Pour
The Perfect Pour extension model offered a strong fit with the sample data (CMIN/DF = 1.47; RMSEA = .04; AGFI = .92; TLI = 0.98, CFI = 0.98, GFI = .94). The model showed support for 4 out of the 10 hypotheses tested, with the suggested path between subjective norms and attitudes also significant (see Table 7 ).
Relationships between attitudes and average game duration (H3: β = .12, p < .05), attitudes and average score (H6: β = −.25, p < .00) were significant for Perfect Pour. The positive relationship between average game duration and attitude indicates that the longer participants played Perfect Pour, the more positive their attitudes became toward binge drinking. In contrast, the negative relationship between average score and attitudes indicates that the higher the players score in Perfect Pour (i.e., greater pouring accuracy) the more negative their attitudes became toward binge drinking. Regression weight modification indices strongly suggested that subjective norms directly influenced attitudes. As this relationship was theoretically supported (see social identity theory: Tajfel & Turner, 1979 , 1986 , the path was added to the model (MI*: β = .51, p < .00). Overall, the Perfect Pour extension model explained 66% of the variance associated with intentions.
Dumb Driver
The Dumb Driver extension model demonstrated a strong fit with sample data (CMIN/DF = 1.42; RMSEA = .04; AGFI = .92; GFI = .94; CFI = .99, TLI = .98). The model showed support for 2 out of the 10 hypotheses tested, with the suggested path between subjective norms and attitudes also significant (see Table 8 ).
As shown in Table 8 , the hypothesized relationships between gameplay metrics, attitudes (Hypotheses 3, 5, 7, and 9), and subjective norms (Hypotheses 4, 6, 8, and 10) were nonsignificant for Dumb Driver. All path estimates between attitudes, subjective norms, and intentions were significant (p < .00), once again supporting Hypotheses 1 and 2. The new path estimate between attitudes and subjective norms was also significant (β = .51, p < .00). Overall, the Dumb Driver extension model explained 66% of the variance associated with intentions.
Discussion
The current study conceptualized, operationalized, and analyzed the two TRA extension models to examine how the objective effects of user-centered SEGs may influence adolescent binge drinking intentions. A key strength of the study was the use of game metrics, which allowed researchers to objectively examine whether a relationship between gameplay and key psychosocial determinants of adolescents' binge drinking intentions could potentially be observed. We found partial support for the role of SEGs in influencing adolescents' binge drinking intentions.
There have been calls for further explorations to understand which gameplay characteristics generate larger effects to provide further insight into the heterogeneity observed across SEG play outcomes (Boyle et al., 2016; DeSmet et al., 2014; Rodriguez et al., 2014; Thompson, 2012) . This study examined objective measures of player's interaction with two SEGs (i.e., number of plays, score, and duration) and found average score and average game duration to be significantly associated with key psychosocial determinants of adolescents' binge drinking intentions, namely, attitudes. Consistent with previous research (Domínguez et al., 2013; Gentile et al., 2014; Rodriguez et al., 2014) , the average game duration of Perfect Pour was significantly associated with adolescents' attitudes toward binge drinking. This association was positive; therefore, it appears that the longer participants played Perfect Pour, the more positive their attitudes became toward binge drinking. This finding contradicts previous research, which found students to report more negative attitudes toward the targeted drugs following gameplay (Cheng & Annetta, 2012; . Given that the majority of the sample were nondrinkers, it is possible that bringing students' attention to alcohol consumption created curiosity, and as a result, students may have held more positive attitudes toward binge drinking postgameplay.
The significant association between average game duration and attitudes in the present study may indicate a doseresponse relationship. Previous research indicates that dose Note. N = 303; C = correlation; C2 = squared correlation. of a behavioral intervention, including Internet-based interventions, influences outcomes (Wantland, Portillo, Holzemer, Slaughter, & McGhee, 2004) . However, "dose-response" (e.g., actual frequency of play) are infrequently reported for SEGs (DeSmet et al., 2014) . Most studies only report one or two usage metrics and rarely examine the relationship between these metrics and program outcomes. As a consequence, little is known about the relative contribution of the different metrics or the relationship of these to program outcomes (Donkin et al., 2013) , which offers a rich avenue for future research. Moreover, the assumption behind most doseresponse analyses is that there is a linear relationship between outcome and exposure to content. However, the relationship between dose-response may not be linear but rather curvilinear (e.g., reaches a saturation point where no further benefit is obtained) (Donkin et al., 2013) . Therefore, understanding the relationship between dose and response is an important consideration for future research. In particular, identifying the point at which this relationship is maximized, and for whom (e.g., low users vs. high users), is recommended in future research. While the dose-response relationship is underinvestigated in SEGs, research in education has demonstrated a link. For example, Sitzmann (2011) and Clark, Tanner-Smith, and Killingsworth (2016) found that media comparisons in which trainees had unlimited access to computer-based simulation games demonstrated significantly better learning outcomes than those who had limited access. Similarly, Wouters, van Nimwegen, van Oostendorp, and van der Spek (2013) found that those participants who interacted with SEGs for more than one session demonstrated significantly better outcomes relative to nongame controls, but conditions where participants engaged with the SEG for only one session did not demonstrate significantly better outcomes relative to nongame controls. Conversely, the significant negative relationship between average score and adolescents' attitudes toward binge drinking is consistent with previous research where successful completion of game tasks elicited positive emotions owing to the sense of accomplishment accompanied by overcoming difficulties (Domínguez et al., 2013) . These findings suggest that games that reinforce exultant feelings with reward systems that give immediate recognition to players' success are more likely to have significant and desired effects on player's attitudes. and Cheng and Annetta's (2012) findings that SEG play can result in students' internalizing more negative attitudes toward illicit drugs were confirmed by current study findings: The higher a player's average score in Perfect Pour, the more negative their attitudes were toward binge drinking.
Implications for Research and Education Practice
While this study provides important contributions, it is not without limitations. The study originated from a 1-day schoolbased alcohol prevention program that was delivered in field. Therefore, the effects observed across TRA measures following program delivery are not solely attributed to SEG play. Experimental research is needed in the future to independently assess the objective effect of SEG play on TRA constructs, control for potential confounders (e.g., propensity for risk, other program activities, previous gaming experience, liking for games in general), and eliminate any external influences, thereby improving the internal validity of findings. The short interval between pre and post-measures may have influenced the observed relationships between TRA constructs. Therefore, it is recommended that future studies include repeated measures conducted over an extended period of time. This study also used a combination of self-report (TRA constructs) and objective (game metrics) measures. Self-report measures are often associated with response bias, inattention, self-selection bias, social desirability bias (Robson, 2011) , and more. While measures were taken to minimize potential biases (e.g., anonymous survey, use of previously validated scales, varying response formats), inclusion of social desirability and attention checks in surveys are recommended. Moreover, the type and accuracy of responses received from online surveys relies heavily on the survey design (Brace et al., 2008) . The authors acknowledge that the use of the term binge drinking in the wording of certain items may have biased responses. Additional research examining knowledge change based on gameplay is recommended, as is research that focuses examination on the effects of gameplay on behavior rather than its determinants, as applied in the current study. Moreover, qualitative research following a participatory approach (e.g., Livingood et al., 2017 ) may provide critical insights into which elements of SEG design contribute most to engagement and effectiveness. The use of purposive sampling in this study limits the generalizability of study findings. Therefore, future research should use random sampling to overcome this limitation. Last, a large proportion of the sample reported being nondrinkers, with many possessing desired levels for TRA constructs. Future research should aim to recruit a broader cross section of drinkers and nondrinkers. In summary, games such as Perfect Pour that embed functional behavior-specific knowledge have cycles of expertise designed to fit players' skills at any level; have low penalties on failure to promote experimentation and task repetition; and can drive players to a flow state that is highly motivating, elicits positive emotions, and promotes attitudinal change. In contrast, SEGs such as Dumb Driver, that do not provide the knowledge and skills specifically needed to perform the behavior (i.e., large temporal distance), include an element of chance beyond the players control (i.e., random allocation of alcoholic drink), and negative reinforcement (which may result in the elicitation of feelings of frustration and defeat) may fail to establish a strong foundation in which to influence key behavioral determinants and in turn are ineffective in achieving the desired outcomes.
